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Abstract 
Science teaching should promote more than rote learning, allowing students to be more critical regarding their social 
circumstances, particularly regarding difficult topics, such as energetic metabolism. In this sense innovative practices are 
important in science classrooms for motivating and engaging students in science learning. Based on the theoretical and 
methodological assumptions of educational design research, we engaged in a development study of two prototypes of a teaching 
sequence in two schools in the state of Bahia, Brazil. The first prototype was implemented and tested in one school, whereas the
second was tested in two schools. Our first prototype was based on three design principles. The evaluation of this prototype 
showed the need to add three additional principles in the second intervention. Using a questionnaire with closed and open-ended
questions we were able to evaluate qualitatively and quantitatively both prototypes. Statistical analysis showed a positive effect 
of the prototypes in both schools. Our qualitative and quantitative data corroborates the following design principles: (i) use of
popular science texts; (ii) contextualization with regard to students’ everyday experience; (iii) construction of a cooperative
learning process; (iv) survey and work with students’ alternative conceptions; (v) hierarchical approach to different organization
levels in living organisms. The sixth principle, focus on written language, did not attain the desirable success, indicating the need 
of further work concerning this ability.  
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1. Introduction 
Science teaching should promote the development of critical analysis and ensure the autonomy of students 
(Santos & Mortimer, 2000) so that they become able to have attitudes based on conscious, responsible, and 
sustainable decisions regarding questions related to Science, Technology, Environment and Society (STES). This 
demand for science teaching  generates the need to produce, implement and investigate educational innovations with 
the potential to change current practices (generally focused on content memorization and detached from students’ 
lives) in order to improve science teaching. We have engaged in developing and studying educational innovations 
from our interactions in a virtual community of practices created in 2007, ComPratica (El-Hani & Greca, 2013), 
which gathers teachers, undergraduate and graduate students, professors and researchers dedicated to biology. To 
better discuss methodological aspects of the construction, data collection and analysis of teaching sequences (TS) in 
authentic school contexts, a collaborative group was formed by ComPratica members, the Group Collaboration in 
Research and Practice in Science Education-CoPPEC (CoPPEC, 2012). 
In this collaborative context, and motivated by the need to present energetic metabolism in connection with 
students’ everyday lives, one of the authors of this paper, a secondary school teacher, proposed an educational 
innovation through a TS. Energetic metabolism is one of the most difficult subjects for students because it requires 
the interconnection between, several disciplines, such as biology, chemistry, and physics, and also due to the 
technical vocabulary used to address it (Patro, 2008). However, this is an essential subject for the understanding of 
vital processes (Almeida & Val, 2005), which also enables students to understand biotechnological processes they 
found in their everyday lives (Sarmento et al., 2011). 
We used Design Research, in particular, the development study approach (Plomp, 2009), to formulate, implement 
and evaluate this TS in an authentic school context. Up to the present, the sequence had two prototypes in which the 
design principles used to plan the TS were evaluated and revised according to their potential to promote 
improvements in students’ learning. The first prototype had three design principles and was implemented in the 10th 
grade of a public military school in Salvador, Bahia, Brazil. This prototype improved the students’ motivation to 
learn about energetic metabolism, but had some limitations, which led us to introduce three additional design 
principles in the second prototype, which was again tested in this school and also in the 10th grade of a public school 
in Feira de Santana, Bahia, Brazil. 
2. Materials and methods 
2.1. General methodological aspects 
The development of this TS was informed by theoretical and methodological aspects of Design Research, in 
which a concrete classroom problem is addressed in an authentic context seeking generalization of design principles 
that can be used in that context (Nieveen et al., 2006; Plomp, 2009). We performed a development study, in which 
the innovation (in our case, a TS) is iteratively applied and reformulated in order to obtain the desirable effects. 
What is generalized by means of the continuous application and evaluation of different prototypes are the design 
principles used to plan the TS, not the TS itself (Plomp, 2009). After all, the TS will always need adaptation to 
particular school contexts, while the principles used to plan it may be transferable to other contexts as long as the 
teacher who decides to use them perceived similarities between the investigated context and her teaching 
circumstances, according to Simons and colleagues’ (2003) situated generalization. The generalizability of the 
design principles will be enhanced to the extent that the variability of contexts in which they are tested is maximized 
(Larsson, 2009). 
To elaborate this teaching sequence we used a priori justification criteria proposed by Artigue (1996, see also 
Mehéut, 2005) in order to better suit each context of application: 1) epistemological criteria related to the contents to 
be addressed in the classroom (for instance, the conceptual structure in scientific knowledge); 2) psycho cognitive 
criteria, concerning the student’s cognitive characteristics that can impact content learning; and 3) didactic criteria, 
associated with institutional and organizational constraints (number of available hours for teaching, lab availability, 
etc.). We also used a posteriori validation criteria (Artigue, 1996; Mehéut, 2005) by pursuing an internal validation 
of the TS using a pre and post-test design combined with qualitative analysis of classroom work. 
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2.2. Construction of the teaching sequence 
The innovation was first proposed in 2009 by a secondary teacher based on the idea of using popular science texts 
to address energetic metabolism in connection with other subject matters that attracted students’ interests, such as 
environmental issues. At that point, a preliminary TS was structured around the discussion of a text concerning 
genetic modifications in bacteria to produce hydrogen. This initial proposal was discussed by the ComPratica 
members and, subsequently, within the CoPPEC, given the perception that by using popular science texts teachers 
could make energetic metabolism more accessible and motivating to the students, which might become less focused 
on content memorization, and could also introduce STES elements, contributing to students’ critical thinking.  
From these discussions, a first prototype was developed and tested in authentic school contexts, using three 
design principles: (i) use of popular science texts with the goals mentioned above; (ii) contextualization of contents 
in relation to students’ everyday lives; (iii) promotion of a cooperative learning process in the classroom. The results 
obtained when this prototype was applied pointed to new design principles that seemed necessary to improve the 
results (Sarmento et al., 2011). These design principles were added to the construction of a second prototype: (iv) 
surveying and addressing student’s alternative conceptions; (v) hierarchical approach to different organization levels 
in living organisms; and (vi) focus on written language.  
In both prototypes, the TS was planned to cover 10 classes of 50 minute each and was constructed in two cycles 
of reading of science communication texts, group discussion, discussion and systematization of contents by teachers 
and content exposition. Generally students took one period to read the text by themselves. The second moment lasted 
two 50 minute periods and for the second cycle students were asked to regroup themselves in the middle of the 
exercise to broaden discussion among them. The systematization of the knowledge by the teacher focused was 
important to dissipate alternative conceptions as much as possible, readying students to a formal exposition of 
energetic metabolism. 
2.3. Schools and sample sizes 
The first prototype was applied in 2009 to 13 10th grade classrooms (comprising 370 students) from a military 
school (Colégio da Polícia Militar/Dendezeiros, hereafter CPM) in Salvador, Bahia, Brazil. Three different teachers 
applied the TS, all of which involved in its collaborative construction. 
The second prototype was applied in 2010 in CPM and in another school, Instituto Educacional Gastão 
Guimarães (IEGG), a public school located in Feira de Santana, Bahia, Brazil, and attended mainly by students who 
started their studies in rural schools. In CPM, the same three teachers applied the TS to 12 classrooms, comprising 
320 students. In IEGG, one teacher applied the TS to six classrooms, comprising 125 students. 
2.4. Data collection and analysis 
Quantitative and qualitative data were used to evaluate both prototypes. The quantitative data was derived from 
the scores of pre- and post-tests made specifically for this purpose, containing true or false (21 in the pre-test, 23 in 
the post-test) and 5 open questions (both tests), for the first prototype, and 25 close-ended questions with multiple 
answers and 5 open questions (both tests), for the second. Both schools used the same data gathering instruments in 
the second prototype. The decision to change from true or false questions to close-ended questions with multiple 
answers in the second prototype followed from the decision to investigate students’ alternative conceptions through 
the alternatives they assigned as true. 
The questionnaires were constructed using relevant concepts related to energetic metabolism (concerning 
metabolism in general, fermentation, respiration, photosynthesis, biotechnology, and biochemistry). Both 
questionnaires had a similar number of questions about each of these concepts, so that the results were comparable. 
The questionnaire used in the pre- and post-test had different but equivalent questions to avoid test effect. All 
questionnaires were validated by other teachers who critically appraised them. All answers were scored in 
percentage. For the open questions a template was made, attributing values for every concept, therefore the score 
was the sum of correct concepts presented by the students in their answers. Quantitative data was supported by 
53 Thiago Serravalle de Sá et al. /  Procedia - Social and Behavioral Sciences  167 ( 2015 )  50 – 55 
teachers’ qualitative assessment of the TS through observations and field notes, notably regarding students’ 
engagement in the process of learning and motivation. 
Given the normal distribution of the sampled data in the first prototype we used a T-Test for paired samples to 
evaluate the effect of the design principles and their implementation in the TS on student’s learning. In the second 
prototype, the data did not show a normal distribution in either schools, and, therefore, we used non-parametric 
Wilcoxon test for paired samples.  
3. Results and discussion
3.1. First prototype 
The first prototype of the TS resulted in an increase in students’ scores in the post-test, which was shown to be 
significant by the T-Test for paired samples (p<0.001), giving support to the design principles and their 
implementation. Although the results showed a positive effect on learning, there were alternative conceptions 
resistant to change, such as the origin of the oxygen released by plants in the process of photosynthesis and its role in 
plant’s metabolism and the proper differentiation of cellular respiration and breathing. The shortcomings observed in 
the first prototype led to the inclusion of additional design principles, as explained above. These results are 
thoroughly discussed in Sarmento et al. (2011). 
Scores of each category used in the questionnaires of each prototype are shown in Table 1. Note that results for 
CPM show a greater increase in each category whereas IEGG shows only a slight overall increase, which is 
confirmed by the hypothesis test of the second prototype. 
Table 1. Pre and post test scores by category in both prototypes and schools. 
First prototype Second prototype 
CPM CPM IEGG 
Category pre test post test pre test post test pre test post test 
Metabolism 62% 70% 35% 55% 33% 32% 
Fermentation 16% 53% 27% 37% 25% 25% 
Respiration 49% 35% 32% 38% 20% 25% 
Photosybthesis 39% 68% 48% 56% 31% 37% 
Biotechnology 32% 46% 42% 52% 40% 37% 
Biochemistry 40% 57% 33% 43% 26% 37% 
3.2. Second prototype 
In the second prototype, the Wilcoxon test for paired samples showed an effect of the TS on student’s learning of 
energetic metabolism for the data sets of both schools (p<0.001).The results presented in this section are further 
discussed in Muniz et al. (2012) 
A more detailed analysis of the pre-test results showed that the students’ answers already presented scientific 
ideas regarding the importance of energetic metabolism, the destination of energy released from cellular respiration, 
and the importance of oxygen production in photosynthesis for the maintenance of aerobic life. They had difficulties, 
however, in identifying the reactants and products of photosynthesis, as Barker &Carr (1989) also observed, and 
they were not able to relate this process to the production of biomass. Students also believed that, during this 
phenomena, plants produce oxygen (O2) from carbon dioxide (CO2) and that photosynthesis was the plant’s 
respiration. The same alternative conceptions regarding photosynthesis were found by Zago et al. (2007) and Kose 
(2008). Concerning cellular respiration, students could not associate the phenomena to biomass degradation. 
Moreover, they showed difficulties in properly identifying the reactants and products also in this case, as well as in 
differentiating cellular respiration from breathing (particularly, because in Portuguese both processes are designated 
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by the same word). This same problem was also found by Acedo & Júnior (2010). Like Resende et al. (2010), our 
findings also suggest that students were not familiar with the processes of fermentation, their reactants and products, 
and their biotechnological use. 
The post-test results indicated that after the intervention most students became able to understand the 
biotechnological applications of energetic metabolism, particularly related to cellular respiration, and were also able 
to identify its reactants and products. Nevertheless, as also found by Seymour & Longden (1991), they still had 
difficulties in differentiating processes related to different organization levels, such as cellular respiration and 
breathing. Regarding photosynthesis, they were still no able to correctly identify their reactants and products. 
The same resistance found in the first prototype regarding conceptual change of alternative conceptions about 
photosynthesis (such as the idea that photosynthesis is the same as plant respiration and that plants release O2 from 
CO2) was found in the second prototype in both schools, despite the fact that these conceptions were then directly 
addressed in the TS. Future prototypes should address more strongly students’ alternative conceptions in the 
classroom through the design principles already listed or including new principles. 
In both schools the TS contributed to increase students’ participation, motivation, and interest. This can be an 
outcome of the following design principles: 1) the dialogical and social interactive approach (Vigotski, 2001); 2) the 
introduction of STES aspects (Santos, 2007); and 3) the use of popular science texts to bring the subject matter 
closer to students’ everyday lives (Nascimento & Alveti, 2006). 
4. Conclusions 
The results attained in both schools show the success of the TS regarding students’ learning of energetic 
metabolism. We observed that the dialogism, the use of popular science texts, and the use of a STES approach were 
able to motivate most students, particularly regarding their participation and interest in engaging in the didactic 
activities framed in a social perspective of learning. There were, however, some limits related to the persistence of 
students’ alternative conceptions about energetic metabolism, particularly regarding photosynthesis. The results 
indicate the validation of the following design principles: (i) use of popular science texts; (ii) contextualization in 
relation to students’ everyday life; (iii) promotion of a cooperative process of learning; (iv) survey and work with 
student’s alternative conceptions; (v) hierarchical approach to different organization levels in living organisms. A 
sixth principle, (vi) focus on written language, is still being analyzed but preliminary results show that it did not 
attain the desirable success. Concerning alternative conceptions, the implementation of principle (iv) needs 
additional work in the classroom, given the persistence of some of those conceptions.  
The experience of the applying the TS about energetic metabolism in two different school contexts stressed the 
need of adapting it when transposing to new contexts. This was expected, however, and we aimed in the study only 
at generalizing the design principles, not their specific implementation in particular school contexts. By investigating 
the TS in quite different school contexts (a military school and a public school mostly receiving students coming 
from rural areas), we enhanced the generalizability of the design principles. Therefore, they can be conceived as 
evidence transferable to other teaching contexts, in which teachers recognize similarities to the investigated context. 
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